Modulation of calmodulin function by ubiquitin-calmodulin ligase and identification of the responsible ubiquitylation site in vertebrate calmodulin.
Calmodulin is the universal calcium modulator in eukaryotic cells. Its biological activity is closely regulated by the second messenger Ca2+. Previous studies in cell-free extracts [Laub, M. & Jennissen, H. P. (1997) Biochim. Biophys. Acta 1357, 173-191] have shown that calmodulin is reversibly ubiquitylated by ubiquityl-calmodulin synthetase (ubiquitin-calmodulin ligase, EC 6.3.2.21) in the presence of Ca2+ without being channeled to degradation by the 26S proteasome. As shown here monoubiquitylation strongly decreases the biological activity of calmodulin towards phosphorylase kinase by reducing its affinity approximately threefold and the maximal degree of activation approximately twofold. Thus, a structural clarification of the ubiquitylation site on calmodulin has become crucial for advancing our knowledge in this field on a molecular level. As demonstrated by sequence analysis and mass spectrometry of conjugates, the ubiquitylation site is located in the first Ca2+-binding loop of calmodulin and has the octapeptide structure -L-F-D-K21-D-G-D-G- with Lys21 being the ubiquitylated residue in vertebrate and other calmodulins. This catalytic recognition sequence is, however, not the only structural requirement for calmodulin ubiquitylation by ubiquityl-calmodulin synthetase. Removal of the 41 C-terminal amino acids (fourth Ca2+-binding loop) separated by several nanometers from Lys21 drastically decreases the affinity and reactivity of the synthetase for calmodulin, indicating a more extensive structural requirement for the substrate binding site i.e. binding recognition. This allows the enzyme to discriminate in a site-specific manner between two nearly identical catalytic recognition sites in vertebrate calmodulin of which the second site -V-F-D-K94-D-G-N-G- in the third Ca2+-binding loop is apparently not ubiquitylated by the synthetase.